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IN T RO D U C TIO N
The  p u r p o s e  of th i s  i n v e s t i g a t i o n  w a s  to s tu d y  the  l iquid  p h a s e  
r e a c t i o n  of c u p r i c  c h l o r i d e  and  p y r id i n e  o r  p y r id i n e  s a l t s ,  a s  a  method, 
of in t r o d u c in g  h a l o g e n  into the  p y r id i n e  r i n g .
The  u s u a l  m e t h o d s  fo r  in t r o d u c in g  h a lo g e n  in to  h o m o c y c l i c  ar.qraa t ic  
r i n g  c o m p o u n d s ,  s u c h  a s  b e n z e n e ,  a r e  not  p r a c t i c a l  fo r  p y r i d i n e .  B en z e n e  
ca n  be c h l o r i n a t e d  o r  b ro m in a te d .  w i th  the  f r e e  h a lo g e n  in  good, y i e ld s  at  
m o d e r a t e  t e m p e r a t u r e s ,  w h e r e a s  p y r i d i n e  c a n  be d i r e c t l y  ch lo r ina ted ,  
and. b ro m in a te d .  only in  the  v a p o r  p h a s e  a t  t e m p e r a t u r e s  f r o m  250°C to 
4 5 0 ° C .  The  r e p l a c e m e n t  of the  p r i m a r y  a m i n o  g ro u p  w i th  h a lo g e n  
th r o u g h  a  d i a z o n i u m  s a l t  i n t e r m e d i a t e  is  g e n e r a l l y  a p p l i c a b le  to  h o m o -  
c y c l i c  a r o m a t i c  r i n g  c o m p o u n d s .  T h e  r e q u i s i t e  p r i m a r y  a m i n e s  a r e  
e a s i l y  p r e p a  id by r e d u c t i o n  of the  n i t r o - a r o m a t i c  com pounds , -  w h ic h  
a r e  in  t u r n ,  e a s i l y  p r e p a r e d ,  by  d i r e c t  n i t r a t i o n  of the  h y d r o c a r b o n .  By 
c o n t r a s t ,  d i r e c t  n i t r a t i o n  of the  p y r i d i n e  r i n g  r e q u i r e s  e x t r e m e l y  d r a s t i c  
c o n d i t io n s ;  a m in o ” g r o u p s  on th e  Z- and. 4 -  p o s i t i o n s  of the  p y r i d i n e  r ing  
do not g ive  th e  n o r m a l  d i a z o n iu m  r e a c t i o n .  T h e s e  c i r c u m s t a n c e s  have  
n e c e s s i t a t e d  th e  u s e  of s p e c i a l  m e th o d s ,  w h ic h  a r e  d e sc r ib e d ,  be low  fo r  
the  i n t r o d u c t i o n  of h a lo g e n  in to  the  p y r i d i n e  r i n g .
The  id e a  of the  u s e  of c u p r i c  c h l o r i d e  a s  a  c h l o r i n a t i n g  ag en t  
g r e w  out of the  o b s e r v a t i o n  tha t  in  the  L a d e n b u r g  r e a r r a n g e m e n t  (1) of 
a lk y lp y r id in i u m  h a l i d e s  to 2 -  a n d  4 -  a lk y l  p y r i d i n e s ,  c u p r i c  c h l o r i d e  
c o u ld  be  s u b s t i t u t e d  f o r  the  p r e s u m e d  c a t a l y s t ,  c u p r i c  c h l o r i d e .  If  it  
i s  a s s u m e d  th a t  in  th i s  r e a c t i o n  th e  c u p r i c  c h l o r i d e  i s  r e d u c e d  to c u p r o u s  
c h l o r i d e ,  it m u s t  fo llow tha t  the  c u p r i c  c h l o r i d e  i s  o x id iz ing  s o m e t h in g .  
The  two m o s t  l ike ly  s u p p o s i t i o n s  a r e  (a) the  f o r m a t i o n  of b i p y r i d y l s  and  
(b) the  h a lo g én a t io n  of the  p y r id i n e  r i n g .  T h e s e  two p o s s i b i l i t i e s  c a n  be 
r e p r e s e n t e d  in eq u a t io n  f o r m  a s  fo l lows:
(a) 2 + ZCuClg --------------- ^  f 2CuCl  t  2HC1
(b) + 2CuCl^  ---------------- ^ + 2C uCl  + HCl
A s  is  d e s c r i b e d  in d e t a i l  in the  e x p e r i m e n t a l  s ec t io n ,  i t  h a s  b e e n  
found, th a t  s u b s t a n t i a l  y i e l d s  of 2 - c h l o r o p y r i d i n e  c a n  be obtained, by 
h e a t in g  a  m i x t u r e  of p y r i d i n e  h y d r o c h l o r i d e  a n d  c u p r i c  c h l o r i d e .  No 
b i p y r i d y l s  have  b e en  detec ted ,  in the  p r o d u c t  of the  r e a c t i o n .  S ti l l  b e t t e r  
.y ie lds  of 2 - c h l o r o p y r i d i n e  w e r e  o b ta in e d  by  in t r o d u c in g  a  s low  s t r e a m  
of g a s e o u s  c h l o r i n e  in to  the  l i q u i d - p h a s e  m i x t u r e  of p y r id i n e  h y d r o c h l o r i d e  
and. c o p p e r  h a l id e  s a l t s .
T he  u n u s u a l  p r o p e r t i e s  of p y r id i n e  a r e  expla ined, a s  b e in g  the  
r e s u l t  of the  in f lu en ce  of the  n i t r o g e n  a to m  on the  d i s t r i b u t i o n  and. a v a i l a ­
b i l i ty  of e l e c t r o n s .  P y r i d i n e  is  e x t r e m e l y  s t a b l e  a n d  a r o m a t i c  in  c h a r a c ­
t e r .  T h e  r e s o n a n c e  e n e r g y  ( f ro m  h e a t  of c o m b u s t io n )  of 43 K c a l  p e r
m o l e  in  p y r id i n e  r e f l e c t s  the  c o n t r i b u t i o n s  to the  r e s o n a n c e  h y b r i d  of 
b o th  n o n p o la r  a n d  p o l a r  s t r u c t u r e s  (2)o
A s  e x p e c te d  f r o m  the  above  r e s o n a n c e  c o n t r ib u t io n s ,  p y r id i n e  i s  a 
w e a k e r  b a s e  t h a n  o r d i n a r y  t e r t i a r y  a m i n e s .  The  u n s h a r e d  e l e c t r o n s  
a s s o c i a t e d  w i th  th e  n i t r o g e n  a to m  a r e  r e l e g a t e d  to o r b i t a l s  th a t  have  
m o r e  s c h a r a c t e r  th a n  do s in g ly  bonded  n i t r o g e n  a t o m s  in  l ike s t r u c t u r e s .  
T h e r e f o r e ,  the e l e c t r o n s  a r e  l e s s  a v a i l a b l e  fo r  f o r m in g  bonds  w i th  p r o ­
to n s .
The  r e s o n a n c e  t h e o r y  a l s o  h e lp s  ex p la in  the  fo l lowing  unique  
p r o p e r t i e s  of the  p y r id i n e  m o l e c u l e :  (a) the  g r e a t  i n e r t n e s s  t o w a r d s
n i t r a t i o n ,  su l fona t ion ,  and  h a lo g é n a t io n ,  (b) the  s u s c e p t i b i l i t y  to a t t a c k  
by su ch  r e a g e n t s  a s  s o d iu m  a m id e ,  (c) 3 - s u b s t i t u t i o n  w hen  a t t a c k e d  by 
n i t r i c  ac id ,  s u l f u r i c ,  o r  h a lo g en s  an d  2 - s u b s t i t u t i o n  when  a t tacked ,  by 
s o d iu m  a m id e ,  (d.) the  r e a c t i v i t y  of the  2 -  and. 4 -  h a lo g en  d e r i v a t i v e s  a s  
c o n t r a s t e d  w i th  i n e r t  3 -h a lo g e n  d e r i v a t i v e s ,  (e) the  n o r m a l  a r o m a t i c  
d i a z o t i z a t i o n  r e a c t i o n  of the  3 - a m  inopy r  id in  e s , but the  a b n o r m a l  r e ­
a c t i o n  of the  2 -  and. 4 -  i s o m e r s ,  and. (f) the  p r e s e n c e  of a c t i v e  h y d r o g e n s  
in  the  m e th y l  g r o u p s  of the  2 -  and. 4 -  p i c o l i n e s ,  but not in  3 - p i c o l i n e .  
T h e s e  p r o p e r t i e s  d e p ic t  the  t y p i c a l  " a r o m a t i c "  n a t u r e  of the  3 - p o s i t i o n  
and. the  " a n o m a l o u s "  n a t u r e  of the  2 -  and. 4 -  p o s i t io n s  (3). Since  th e  2-  
and. 4 -  p o s i t i o n s  a r e  shown in r e s o n a n c e  f o r m s  to be e l e c t r o n  d e f i c i e n t
c e n t e r s ,  i t  i s  r e s o n a b l e  to a s s u m e  th a t  c h l o r i n a t i o n  in  t h e s e  p o s i t i o n s  
m u s t  be by  s o m e  m e c h a n i s m  o t h e r  t h a n  a n  e l e c t r o p h i l i c  a t t a c k .  T h e  
e l e c t r o n  d e f i c i e n t  2 -  and  4 -  p o s i t i o n s  would, t end  to r e p e l l  the  p o s i t iv e  
e n t e r i n g  g r o u p s  ( c h lo r o n iu m  io n s )  t h a t  a r e  in v o lv ed  in c h l o r i n a t i o n  by 
a n  e l e c t r o p h i l i c  a t t a c k .
B a r n e s  (4) g r o u p s  the  c h e m i c a l  p r o p e r t i e s  of the  p y r id i n e  s y s t e m  
in to  t h r e e  broad, c a t e g o r i e s :  (a) P r o p e r t i e s  ro u g h ly  p a r a l l e l  to the  b e n z e n e
s y s t e m ,  m o d i f i e d  in  s o m e  d e g r e e  by  the  p r e s e n c e  of t h e  r ing  n i t r o g e n .  
T h e s e  inc lude  th e  t y p i c a l  e l e c t r o p h i l i c  s u b s t i t u t i o n  r e a c t i o n s  a s  s u l fo n a t io n  
and. h a  loge n a t io n  which  a r e  m o r e  d i f f i cu l t  th an  w i th  b e n z e n e ,  and. the 
r a d i c a l  r e a c t i o n s  which  a r e  r a t h e r  s i m i l a r ,  (b) P r o p e r t i e s  u n u s u a l  fo r  
th e  b e n z e n e  s y s t e m .  T h e s e  in c lu d e  the  v a r i o u s  r e a c t i o n s  in  w h ich  the  
key  s t e p  i n v o lv e s  i n t e r a c t i o n  of the  p y r id i n e  r i n g  s y s t e m  w i th  a b a s e  o r  
n u c l e o p h i l i c  r e a g e n t ,  a s  in the  a m i n a t i o n  by s o d a m i a e  o r  the  add i t io n  
of o r g a n o r n e t a l l i c  c o m p o u n d s ,  (c) P r o p e r t i e s  a s s o c i a t e d  w i th  the  u n shared ,  
e l e c t r o n  p a i r  on the  r in g  n i t r o g e n .  The  f o r m a t i o n  of s a l t s ,  q u a t e r n a r y  
c o m p o u n d s ,  and  N - o x id e s  i s  of m a j o r  i n t e r e s t ,  e s p e c i a l l y  in  the  r e c e n t  
l i t e r a t u r e .  The  f o r m a t i o n  and  s u b s e q u e n t  t r a n s f o r m a t i o n s  of s a l t s ,  
q u a t e r n a r y  c o m p o u n d s ,  and N - o x i d e s  h a v e ,  of c o u r s e ,  no a n a lo g ie s  
a m o n g  b e n z e n e  d e r i v a t i v e s .
N u m e r o u s  m e t h o d s  of p r e p a r i n g  ch lo r in a te d ,  p y r i d i n e s  f r o m  
p y r i d i n e  d e r i v a t i v e s  h av e  b e e n  r e p o r t e d .  C u p r i c  c h l o r i d e  h a s  b e e n  used, 
in  s e v e r a l  i n s t a n c e s  f o r  the  c h l o r i n a t i o n  o f  h y d r o c a r b o n s ;  the  u s e  of
c u p r i c  c h l o r i d e  f o r  the  c h l o r i n a t i o n  of p y r i d i n e  i s  new .
In 1922 , T i z a r d  and. c o l l e a g u e s  (5) r e p o r t e d  th a t  th e  h a lo g é n a t io n  
of m e th a n e  and  of o t h e r  h y d r o c a r b o n s  i s  e f f e c t e d  by the  a c t io n  of c u p r i c  
c h l o r i d e  o r  o t h e r  m e t a l l i c  h a l i d e s  hav ing  a  d i s s o c i a t i o n  p r e s s u r e  of a t  
l e a s t  0 .0 1  a t m o s p h e r e  a t  t e m p e r a t u r e s  of ab o u t  5 0 0°C .  o r  l o w e r .  T h e y  
p roduced ,  a  m i x t u r e  of c a r b o n  t e t r a c h l o r i d e ,  c h l o r o f o r m ,  m e th y le n e  
c h l o r i d e ,  and  m e t h y l  c h l o r i d e ,  by p a s s i n g  m e t h a n e  t h r o u g h  a  h e a t e d  tube  
co n ta in in g  c u p r i c  c h l o r i d e  upon a  c a r r i e r  of p u m i c e .  The  p r e p a r a t i o n  
of 1, 1 - d i c h l o r o e t h y l e n e  w i th  e h ty le n e  and. c u p r i c  c h l o r i d e  w a s  c a r r i e d ,  
out  in  1942 by K o ta r o  Sh im o  (6). A  B r i t i s h  p a t e n t  (7) w as  issued ,  to 
S o c o n y -V a c u u m  Oil C o m p a n y  in 1947 fo r  the  c h l o r i n a t i o n  of s a tu ra ted ,  
h y d r o c a r b o n s  w i th  c u p r i c  c h l o r i d e .  T he  h y d r o c a r b o n s  a r e  ch lo r ina ted ,  
in  a  3 - s t a g e  p r o c e s s  c o m p r i s i n g :  (a) s u s p e n d in g  a n  i n e r t ,  f ine ly  d iv ided
p o r o u s  so l id ,  i m p r e g n a t e d  w i th  c u p r i c  c h l o r i d e  in a  s t r e a m  of the  h y d r o ­
c a r b o n  a t  a  t e m p e r a t u r e  a bove  4 0 0 °C ;  (b) s e p a r a t i n g  the  i m p r e g n a t e d  
p o w d e r  co n ta in in g  r e d u c e d  c u p r i c  c h l o r i d e  f r o m  the  g a s e o u s  s t r e a m ;  
and  (c) f r a c t i o n a t i n g  the  g a s e o u s  p r o d u c t  to r e c o v e r  ch lo r ina ted ,  h y d r o ­
c a r b o n .  In 1948, the  C a n a d i a n  g o v e r n m e n t  i s s u e d  a  p a t e n t  (8) to the  
She l l  D e v e l o p m e n t  C o m p a n y  f o r  a  s i m i l a r  p r o c e s s .  A h y d r o c a r b o n  
co n ta in in g  a n  u n s a tu r a t e d ,  l inkage  b e t w e e n  two n o n - t e r t i a r y  C_ a t o m s  of 
a l i p h a t i c  c h a r a c t e r  i s  b r o u g h t  in to  c o n ta c t  w i th  a  c a r r i e r  m a t e r i a l  and. 
a n  e f fe c t iv e  a m o u n t  of a  m e t a l  c h l o r i d e  f r o m  the  g ro u p  of c u p r i c  c h l o r i d e  
a n d  f e r r i c  c h l o r i d e ,  a t  s u f f i c i e n t  v e lo c i ty  to m a i n t a i n  the  p a r t i c l e s  in
6s u s p e n s i o n  an d  at  a n  e l e v a t e d  t e m p e r a t u r e ,  fo r  s u f f i c i e n t  t i m e  to  e f fec t  
c h lo r in a t i o n  of the  u n s a t u r a t e d  h y d r o c a r b o n s  a n d  the  r e d u c t i o n  of the 
m e t a l  c h lo r id e  to  the  l o w e r  s t a t e  of v a l e n c e .  T h e  s o l id  p h a s e  c o n ta in e d  
about  14 p e r c e n t  by w e igh t  of c u p r i c  c h l o r i d e  and  4 p e r c e n t  by  w e igh t  of 
sod ium  c h lo r id e  i m p r e g n a te d ,  in ac t iva ted ,  a l u m i n a .  E r i c h  A d l e r  (9) ■
p r o d u c e d  t r a n s - 1 ,  2 - d i c h l o r o e t h y l e n e  by p a s s i n g  e th y le n e  ga s  th r o u g h  a  
so lu t ion  of c u p r i c  c h l o r i d e  and  m e r c u r i c  c h l o r i d e  in  h y d r o c h l o r i c  a c id .
A con t inuous  p r o c e s s  of c h l o r i n a t i n g  g a s e o u s  p a r a f f i n i c  h y d r o c a r b o n s  
with c u p r i c  c h l o r i d e  was  d e v e lo p ed  by F o n t a n a  and  E v e r e t t  (10). Reduced, 
c u p r i c  c h lo r id e ,  s u p p o r t e d  on a  f ine ly  d iv ided  so l id ,  is  s u s p e n d e d  in a n  
o x y g e n -c o n ta in in g ,  h y d r o g e n  c h l o r i d e  g a s  s t r e a m ,  w h e r e  the  c u p r o u s  ion  
is  ox id ized  c o n t in u o u s ly  a t  325°C.  to 4 0 0 °C .  T h e  r e s u l t i n g  c a r r i e r  
s u p p o r t e d  c u p r i c  c o m p o u n d s  a r e  t r a n s f e r r e d  a s  a  s u s p e n s i o n  to a  s e p a r a t e  
r e a c t i o n  zone w h e r e  it  i s  kept a t  4 0 0°C .  in a s t r e a m  of the  g a s e o u s  h y d r o ­
c a r b o n  to be ch lo r ina ted . .  A f t e r  the  c h l o r i n a t e d  p r o d u c t s  a r e  s e p a r a t e d  
the  c u p r o u s  c h l o r i d e  and  h y d r o g e n  c h l o r i d e  a r e  r e c i r c u l a t e d  a s  indica ted ,  
by the eq u a t io n s :
ZCuCl + 1 /2  Og  C u O 'C u C l g
C u O 'C u C l g  + HCl ----------   -> 2CuCl2  + H^O
2CuCl2 + RH  ■> 2CuGl + RCl  4 HCl
M o re  r e c e n t l y .  W a r e  and. B o r c h e r t  (11) r e p o r t e d ,  the  c h l o r i n a t i o n  
of a r o m a t i c  h y d r o c a r b o n s  by  c u p r i c  c h l o r i d e .  A  s tu d y  w a s  m a d e  of the
r e a c t i o n  of  c u p r i c  c h l o r i d e  w i th  a n t h r a c e n e  to y i e l d  9 - c h I o r o -  a n d  9, 10- 
d i c h l o r o a n t h r a c e n e s ,  c u p r o u s  c h l o r i d e  and  h y d r o g e n  c h lo r id e »  The  r e ­
a c t i o n  w i th  c u p r i c  c h l o r i d e  w a s  a l s o  c a r r i e d ,  out s u c c e s s f u l l y  w i th  o t h e r  
p o l y n u c l e a r  c o m p o u n d s  th a t  in c lu d e  b e n z e n e ,  n a p h th a l e n e ,  p h e n a n t h r e n e ,  
t e t r a c e n e ,  and p y r e n c .  A l though  the  a n a lo g y  b e tw e e n  the  a b o v e  s tu d y  
and o u r  w o r k  on the c h l o r i n a t i o n  of p y r i d i n e  w i th  c u p r i c  c h l o r i d e  is  
o bv ious ,  we had  worked,  w i th  o u r  r e a c t i o n  a t  l e a s t  a y e a r  b e f o r e  the  s tudy  
of W a r e  and. B o r c h e r t  w as  p u b l i s h e d .
P y r i d i n e s  con ta in in g  h a lo g en  in  the  n u c l e u s  a r e  obtained, w i th  
d i f f i cu l ty  by the  d i r e c t  a c t i o n  of h a lo g e n s  on p y r i d i n e s .  In c o n t r a s t  to 
the  f a c i l i t y  with  w h ich  a r o m a t i c  c o m p o u n d s  u n d e rg o  s u b s t i t u t i o n  by 
h a logen ,  p y r i d i n e  a t  ro o m  t e m p e r a t u r e  f o r m s  only  p e r h a l i d e s .  C h l o r i ­
n a t io n  and  b r o m i n a t i o n  h av e  b e e n  r e p o r t e d  a s  o c c u r r i n g  a t  h ig h  t e m p e r a ­
t u r e s  in the  g a s e o u s  p h a s e ,  in the  p r e s e n c e  of c h a r c o a l  o r  p u m i c e .  A t 
t e m p e r a t u r e s  of 300°C .  to 4 0 0 ° C .  w i thou t  a  c a t a l y s t ,  s u b s t i t u t i o n  by 
c h l o r i n e  o c c u r s  in the  3- and 5- p o s i t i o n s ,  but a t  500°C .  b r o m i n a t i o n  
g iv e s  a  good y ie ld  (46%) of p r o d u c t s  s u b s t i t u t e d  in the  2 -  and  6 -  p o s i t i o n s .  
A t  lo w e r  t e m p e r a t u r e s ,  a c a t a l y s t  h a s  a  d e c i s i v e  in f lu en c e ,  f e r r o u s  
b r o m i d e  d i r e c t i n g  to the 2-  and  4 -  p o s i t i o n s ,  w h e r e a s  c u p r o u s  b r o m i d e  
g iv e s  2 - b r o m o -  and. 2, 6-  d i b r o m o - p y r i d i n e s .  A t  5 0 0 ° C , ,  c a t a l y s t s  h a v e  
no in f lu e n c e .  The  r e a s o n  f o r  the  c h an g e  of r e a c t i v e  p o s i t i o n s  w i th  the  
c h an g e  of t e m p e r a t u r e  and  c a t a l y s t  is  not fu l ly  u nders tood ,  bu t  i t  i s  i n t e r ­
e s t i n g  to  note  the  s i m i l a r  t e m p e r a t u r e  e f fec t  ob se rv ed ,  in  the  b r o m i n a t i o n
8of b r o m o b e n z e n e  w i th  f e r r i c  b r o m i d e  a s  the  c a t a l y s t  (12).  I t m a y  be 
t h a t  a t  the  lo w e r  t e m p e r a t u r e  s u b s t i t u t i o n  o c c u r s  by  ion ic  a t t a c k  and, a t  
h i g h e r  t e m p e r a t u r e s  by  f r e e  r a d i c a l  a t t a c k .
C h l o r i n a t i o n  of N - a  Iky Ipy r  id.o ne s by  m e a n s  of p h o s p h o r u s  p e n t a -  
ch lo r id .e  o r  o x y c h l o r i d e  g iv e s  h a l o g e n o p y r i d i n e s .  O, F i s c h e r  (13) a p ­
p l ied  t h e  m e th o d  to the  N - a l k y l  2 - p y r i d o n e s .  P h o s g e n e  h a s  b e e n  used.
(14) to a c c o m p l i s h  th e  s a m e  r e s u l t s .  The  method, s o m e t i m e s  a f f o r d s  
b o th  m o n o -  and d i - c h l o r o p y r i d i n e s .  N - M e t h y l  2 - p y r i d o n e  and  p h o s p h o r u s  
p e n t a c h l o r i d e  g iv e s  bo th  2 - c h l o r o  and  2, 5 - d i c h l o r o - p y r i d i n e s .  The  2- 
and  4 -  b r o m o -  o r  c h l o r o - p y  r i d i n e s  a r e  o b ta in ed  by  the  a c t i o n  of p h o s p h o r u s  
o x y c h l o r i d e  on the  c o r r e s p o n d i n g  h y d ro x y  p y r i d i n e s  (15).
3 -Am inopyrr id ine  c a n  be d i a z o t i z e d  and c o n v e r t e d  into  3 - c h l o r o -  
p y r i d i n e  by the  S a n d m e y e r  method,, but 2 -  and  4 -  a m  inopy r id i n e  r e q u i r e  
s p e c i a l  t r e a t m e n t .  2 - B r o m o p y r i d i n e ,  f o r  i n s t a n c e ,  i s  obtained, when  
b r o m i n e ,  fo l lowed  by s o d iu m  n i t r i t e ,  i s  added, to  2 - a m i n o p y r i d i n e  in  
h y d r o b r o m i c  a c id  (16), and, 4 - a m  ino py r  id ine  s i m i l a r l y  g iv e s  4 - b r o m o -  
p y r i d i n e  (17). Many u n s u c c e s s f u l  a t t e m p t s  have  b e e n  m a d e  to  a p p ly  the 
S a n d m e y e r  and  G a t t e r m a n n  m e t h o d s  to 2 -  and 4 -  a m i n o p y r i d i n e s ;  h o w e v e r ,  
4 - ch lo  r  o - 2 - a m  inopy r  id ine  i s  conver ted ,  by  the  S a n d m e y e r  m e th o d  into 
2, 4 - d i c h lo  r o p y  r id in e  (18).
O th e r  m e t h o d s  f o r  p r e p a r i n g  the  h a l o g e n o p y r i d i n e s  in c lu d e  
d e c a r b o x y l a t i o n  of th e  a p p r o p r i a t e  h a l o g e n o p y r i d i n e  c a r b o x y l i c  a c i d s  (19); 
m e r c u r a t i o n  of p y r i d i n e  followed, by  t r e a t m e n t  w i th  b r o m i n e  w hen  3 - b r o m o -
an d  3, 5 - d i b r o m o p y r i d i n e  a r e  f o r m e d  (20); and. c h l o r i n a t i o n  w i th  
th io n y l  c h l o r i d e  (15).
T h e  p r e p a r a t i o n  of 2 -c h lo  ro p y  r id i n e  by  the  method,  d e s c r ib e d ,  in 
t h i s  T h e s i s  h a s  c e r t a i n  i n h e r e n t  ad .vantages  o v e r  m e th o d s  h e r e t o f o r e  
r e p o r t e d .  A s  c o m p a r e d ,  to W ib a u t ' s  (21) d i r e c t  c h l o r i n a t i o n  in  the 
g a s e o u s  p h a s e ,  the  r e q u i s i t e  a p p a r a t u s  is  m u c h  s i m p l e r  and. the  l a b o r a ­
t o r y  o p e r a t i o n s  a r e  l e s s  c o m p le x .  By u s in g  p y r id i n e  h y d r o c h l o r i d e ,  
r a t h e r  t h a n  p y r id i n e ,  and w i th  enough  c u p r i c  c h lo r id e  to r a i s e  the  bo i l ing  
po in t  of the  p y r id i n e  h y d r o c h l o r i d e  to 2 6 0 ° C .  - 270°C „ ,  it  i s  e a s i l y  
p o s s i b l e  to ge t  the  e q u iv a l e n t  of W ib a u t ' s  cond i t io n s  wi thou t  r e s o r t i n g  
to a  gas  p h a s e  r e a c t i o n  o r  to the  use  of above  - a t m o s p h e r i c  p r e s s u r e .
A s  c o m p a r e d  to the  p r e p a r a t i o n  of 2 - c h l o r o p y r i d i n e  s t a r t i n g  w i th  
d e r i v a t i v e s  of p y r id i n e ,  th i s  m e th o d  h a s  the  a d v an ta g e  of u s in g  p y r id i n e  
i t s e l f  a s  s t a r t i n g  m a t e r i a l ,  t h u s  avo id ing  lo w e r  o v e r - a l l  y i e ld s  r e s u l t i n g  
f r o m  l e s s - t h a n - q u a n t i t a t i v e  yield,  in e a c h  s t ep  of a m u l t i - s t e p  p r o c e s s .
P r e l i m i n a r y  e x p e r i m e n t s  indica ted ,  th a t  2 - b r o m o p y r i d i n e  could, 
be p r e p a r e d  by s u b s t i t u t i n g  c u p r i c  b r o m i d e  and. p y r id i n e  h y d r o b r o m i d e  
fo r  the c o r r e s p o n d i n g  c h l o r i d e s ,  a l th o u g h  with low er  y i e l d s .  It w as  a l so  
found, th a t  a n t im o n y  p e n t a c h l o r i d e  could,  be subs t i tu ted ,  fo r  c u p r i c  c h lo r id e  
but w i th  a  lo w e r  yield,  of 2 - c h l o r o p y r i d i n e .  S tannic  c h l o r i d e ,  p h o s p h o r u s  
p e n t a c h l o r i d e  and. f e r r i c  c h l o r i d e  w e r e  t r i e d  a s  s u b s t i t u t e s  f o r  c u p r i c  
c h l o r i d e ,  but w i thou t  s u c c e s s .  T h e r e  s e e m s  l i t t le  to ga in  i n  t r y i n g  to 
s u b s t i t u t e  c h l o r i d e s  of m u l t i v a l e n t  m e t a l s  o t h e r  th a n  c o p p e r  f o r  c u p r i c
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c h l o r i d e  u n le s s  a  s u b s t a n t i a l  i n c r e a s e  in  y i e l d  r e s u l t e d .
A s  m e n t i o n e d  on page  2, the  f o r m a t i o n  of  s o m e  of th e  b i p y r i d y l s  
w e r e  expected. .  None w a s  i s o l a t e d  o r  d e t e c t e d .  H e in  a n d  R e t t e r  (22) 
h a v e  r e p o r t e d  the  p r e p a r a t i o n  of b i p y r i d y l s  f r o m  p y r id i n e  and  c u p r i c  
o r  f e r r i c  c h l o r i d e  a t  50 0 °C ,  and. 50 a t m o s p h e r e s  p r e s s u r e .  T he  c o n ­
d i t io n s  used,  in th i s  w o r k  a r e ,  of c o u r s e ,  m u c h  d i f f e r e n t  f r o m  th o s e  of 
H e in  and. R e t t e r .
E X P E R I M E N T A L
M A T E R IA L S  - T h e  p y r id i n e  used, w a s  the  F i s c h e r  ce r t i f i ed ,  g r a d e  
o b t a in e d  f r o m  the  F i s h e r  Sc ien t i f i c  C o m p a n y .  T h e  c u p r i c  c h l o r i d e  
d ih y d r a t e  and. the  o t h e r  m e t a l l i c  c h l o r i d e s  u s e d  in  the  i n v e s t i g a t i o n  w e r e  
a n a ly z e d  g r a d e  r e a g e n t s  m a n u fa c tu r e d ,  by the J .  T .  B a k e r  C o m p a n y .
The  c h lo r in e  g a s  which  w a s  used, in the  c o n t in u o u s  p r o c e s s  w a s  d e l i v e r e d  
f r o m  a  c y l i n d e r  of th i s  gas  obtained,  f r o m  the M a th e s o n  C o m p an y .
T h i s  e x p e r i m e n t a l  w o r k  w a s  begun  wi th  no c l e a r  id e a  a s  to how 
to s t a r t  b e c a u s e  s i m i l a r  r e a c t i o n s  f r o m  w h ich  p r o c e d u r e s  c o u l d  be 
i m i t a t e d  o r  m o d i f i ed ,  w e r e  not found  in the  l i t e r a t u r e .  L a c k in g  s u c h . 
p r e c e d e n t s ,  a s e r i e s  of p r o c e d u r e s  w e r e  t r ied ,  in the  hope th a t  s o m e  
c o m b in a t io n  of c o n d i t io n s  w o u ld  be found  w h ich  would, g ive  s o m e  y i e l d  of 
a r e c o g n i z a b l e  p r o d u c t .  A f t e r  f ind ing  s u c h  f a v o r a b l e  c o n d i t io n s ,  if  they  
c o u ld  be found., it  w a s  hoped, and  a s s u m e d ,  th a t  f u r t h e r  e x p e r i m e n t a t i o n  
could, be  c a r r i e d ,  out in  a  m o r e  lo g ic a l  s e q u e n c e .
Th e  f i r s t  p h a s e  of th i s  w o r k  t u r n e d  out to be  long, d i s c o u r a g i n g ,  
and. u n p r o d u c t iv e .  L i t t l e ,  if  any,  i n f o r m a t i o n  w a s  obtained, f r o m  w h ich  
i n f e r e n c e s  cou ld  be  m a d e  and. upon w h ic h  the  nex t  e x p e r i m e n t s  cou ld  be
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p l a n n e d .  F r o m  h i n d s i g h t  t h e r e  w a s  a  two-fold ,  p r o b l e m  (a) to f in d  c o n ­
d i t i o n s  u n d e r  w h ic h  a  r e a s o n a b l e  y i e l d  o f  a  r e c o g n i z a b l e  p r o d u c t  w a s  
p roduced ,  and. (b) to  f i n d  a  method, of i s o l a t i n g  a  p r o d u c t  w hen  it w a s  
p r o d u c e d .  B o th  h a d  to b e  r e so lv ed ,  s i m u l t a n e o u s l y .
A  d e t a i l e d  d e s c r i p t i o n  of e a c h  of t h e s e  p r e l i m i n a r y  e x p e r i m e n t s  
would, be  long and. of doub t fu l  v a lu e .  Instead. ,  a  g e n e r a l i z e d ,  d e s c r i p t i o n  
of the  t r e n d  of t h e s e  e x p e r i m e n t s  i s  g iven ,  a lo n g  w i th  de ta i led ,  d e s c r i p t i o n s  
of r e p r e s e n t a t i v e  e x p e r i m e n t s .
The  f i r s t  e x p e r i m e n t s  w e r e  e s s e n t i a l l y  h e a t i n g  a  m i x t u r e  of 
p y r i d i n e  h y d r o c h l o r i d e  a n d  a n h y d r o u s  c u p r i c  c h l o r i d e  u n d e r  a  r e f lu x  
c o n d e n s e r  f o r  v a r i o u s  l en g th s  of t i m e  a n d  a t t e m p t i n g  to  r e c o v e r  s o m e  
p r o d u c t  f r o m  the  f l a s k  c o n te n t s  a t  the c o n c l u s i o n  of the  h e a t i n g  period. .
A t r e f l u x  t e m p e r a t u r e  the  c u p r i c  c h l o r i d e  d i s so lved ,  in the  m e l t e d  p y r i ­
d in e  h y d r o c h l o r i d e  f o r m i n g  a b r o w n  to  b l a c k  l i q u i d  w i th  the  s i m u l t a n e o u s  
e v o lu t io n  of a  l a r g e  v o lu m e  of h y d r o g e n  c h l o r i d e  gas  f r o m  the  top of the  
r e f l u x  c o n d e n s e r .
«
The  f l a s k  c o n t e n t s ,  w hen  cooled,  s o l i d i f i e d  to a  b lack ,  i n t r a c t a b l e  
m a s s .  E v e r y  p o s s i b i l i t y  th a t  could, be though t  of w as  tried. ,  u n s u c c e s s ­
fu l ly ,  to r e c o v e r  a  p r o d u c t  f r o m  th i s  s o l id .  T h e s e  included.:
(a) a d d in g  d i lu te  s o d iu m  h y d r o x id e ,  f i l t e r i n g  off the  p r e c ip i t a t e d ,  
c o p p e r  c o m p o u n d s ,  and. e x t r a c t i n g  the  f i l t r a t e  w i th  a n  i m m i s c i b l e  s o lv e n t .  
F i l t e r i n g  proved ,  to be  d i f f icu l t  s in c e  the  p r e c ip i t a t e d ,  m a t e r i a l  r e s i s t e d  
the  p a s s a g e  of f l u i d  t h r o u g h  i t .  No a p p r e c i a b l e  a m o u n t  of a  p r o d u c t  r e m a i n e d
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p la n n e d .  F r o m  h in d s ig h t  t h e r e  w a s  a  t w o - f o l d  p r o b l e m  (a) to f i n d  c o n ­
d i t i o n s  u n d e r  w h ic h  a  r e a s o n a b l e  y i e l d  of a  r e c o g n i z a b l e  p r o d u c t  w a s  
p r o d u c e d  a n d  (b) to f i n d  a  m e t h o d  of i s o l a t i n g  a  p r o d u c t  when  it w a s  
p r o d u c e d .  B o th  h a d  to be  r e s o l v e d  s i m u l t a n e o u s l y .
A  de ta i led ,  d e s c r i p t i o n  of e a c h  of t h e s e  p r e l i m i n a r y  e x p e r i m e n t s  
w o u ld  be long a n d  of doub t fu l  v a lu e .  Instead. ,  a  g e n e r a l i z e d ,  d e s c r i p t i o n  
of the  t r e n d  of t h e s e  e x p e r i m e n t s  i s  g iven , a long w i th  deta i led ,  d e s c r i p t i o n s  
of  r e p r e s e n t a t i v e  e x p e r i m e n t s .
The  f i r s t  e x p e r i m e n t s  w e r e  e s s e n t i a l l y  h e a t i n g  a  m i x t u r e  of 
p y r i d i n e  h y d r o c h l o r i d e  a n d  a n h y d r o u s  c u p r i c  c h l o r i d e  u n d e r  a  r e f l u x  
c o n d e n s e r  fo r  v a r i o u s  l en g th s  of  t i m e  a n d  a t t e m p t i n g  to r e c o v e r  s o m e  
p r o d u c t  f r o m  the  f l a s k  c o n t e n t s  at  the  c o n c lu s io n  of the  h e a t i n g  p e r i o d .
A t  r e f l u x  t e m p e r a t u r e  the  c u p r i c  c h l o r i d e  d isso lved ,  in the  m e l t e d  p y r i ­
d ine  h y d r o c h l o r i d e  f o r m i n g  a  b r o w n  to  b l a c k  liquid, w i th  the  s i m u l t a n e o u s  
e v o lu t io n  of a  l a r g e  v o lu m e  of h y d r o g e n  c h l o r i d e  ga s  f r o m  the  top  of the  
r e f l u x  c o n d e n s e r .
T h e  f l a s k  c o n te n t s ,  w h e n  cooled,  s o l id i f i e d  to a  b lack ,  i n t r a c t a b l e  
m a s s .  E v e r y  p o s s i b i l i t y  th a t  c o u ld  be though t  of w as  tr ied. , u n s u c c e s s ­
fu lly ,  to r e c o v e r  a  p r o d u c t  f r o m  th i s  so l id .  T h e s e  inc luded :
(a) add ing  d i lu te  so d iu m  h y d ro x id e ,  f i l t e r i n g  off the  p r e c i p i t a t e d  
c o p p e r  c o m p o u n d s ,  and. e x t r a c t i n g  th e  f i l t r a t e  w i th  a n  i m m i s c i b l e  s o lv en t .  
F i l t e r i n g  proved,  to be d i f f icu l t  s in c e  th e  p r e c ip i t a t e d ,  m a t e r i a l  r e s i s t e d ,  
th e  p a s s a g e  of fluid, t h r o u g h  i t .  No a p p r e c i a b l e  a m o u n t  of a  p r o d u c t  r e m a i n e d
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a f t e r  e v a p o r a t in g  the s o lv e n t .
(b) add ing  d i lu te  a m m o n i u m  h y d r o x id e  in  the  hope  th a t  th e  c o p p e r  
c o m p o u n d s  c o u ld  be c o n v e r t e d  to  w a t e r  so lu b le  c o p p e r - a m m o n i a - c o m p l e x  
ionic  c o m p o u n d s ,  e x t r a c t i n g  w i th  a n  i m m i s i b l e  o r g a n ic  so lv en t  s u c h  a s  
b e n ze n e  o r  e t h e r ,  and. th e n  d i s t i l l in g  off  the  so lv e n t .  The  a m m o n i u m  
h y d ro x id e  seem ed ,  only  p a r t l y  e f fec t iv e  in d e c o m p o s in g  w h a t e v e r  c o p p e r  
com pounds ,  w e r e  p r e s e n t .  Only u n re a c te d ,  p y r i d i n e  r e m a in ed ,  w hen  the  
so lven t  w a s  e v a p o r a t e d .
(c) add ing  enough  s o d iu m  h y d r o x id e  to m a k e  the  s u s p e n s i o n  b a s i c  
followed, by s t e a m  d i s t i l l a t i o n .  No o r g a n i c  p r o d u c t  o t h e r  th a n  p y r id i n e  
w as  r e c o v e r e d  f r o m  the s t e a m  d i s t i l l a t e .
The e v o lu t ion  of s u b s t a n t i a l  a m o u n t s  of h y d r o g e n  c h l o r i d e  w a s  
b o th  i n t e r e s t i n g  a n d  e n c o u r a g i n g .  P y r i d i n e  h y d r o c h l o r i d e  ( b . p .  222°C)  
b o i l s  w ithout d e c o m p o s i t i o n ,  tha t  i s ,  w i thou t  the  ev o lu t io n  of h y d r o g e n  
c h l o r i d e .  C u p r i c  c h l o r i d e  is  s t a b l e  up to a  t e m p e r a t u r e  of above  900°C ;  
it could, not of i t s e l f  g ive  h y d r o g e n  c h l o r i d e .  The  only  r e a s o n a b l e  c o n ­
c lu s i o n  seemed,  to be th a t  a  r e a c t i o n  w a s  o c c u r r i n g  a n d  th a t  the  f a i l u r e  
to ob ta in  a  p r o d u c t  p r o b a b l y  lay in  f a i l u r e  to get  it out of the  r e a c t i o n  
m i x t u r e .  The  quan t i ty  of h y d r o g e n  c h l o r i d e  evo lv ed  f r o m  a  m i x t u r e  of 
one m o le  of p y r id i n e  h y d r o c h l o r i d e  and. one m o l e  of c u p r i c  c h l o r i d e  w a s  
e s t i m a t e d  by d i s s o lv i n g  th e  evolved, g a s  in w a t e r  a n d  t i t r a t i n g  a l i q u o t s  
w i th  a s t a n d a r d  so lu t io n  of a  b a s e .  A bou t  0 . 4  m o le  of h y d r o g e n  c h l o r i d e  
w a s  p r o d u c e d .
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H aving  failed, to o b ta in  m o r e  th an  a  t r a c e  of p r o d u c t  of doubtfu l  
p u r i t y  a n d  u n c e r t a i n  id e n t i ty  by a n y  of thermethod .s  of  r e c o v e r y  e n u m e r a t e d  
ab o v e ,  the  p o s s i b i l i t y  of d i s t i l l i n g  a  p r o d u c t  out  of the  r e a c t i o n  f l a s k  w a s  
c o n s i d e r e d .  Since 2 - c h l o r o p y r i d i n e  b o i l s  a p p r o x i m a t e l y  s ix ty  d e g r e e s  
h i g h e r  th a n  d o e s  p y r id i n e ,  it  w a s  a s s u m e d  th a t  the  h y d r o c h l o r i d e  of 
ch lo  ropy  r i d i n e s  would  bo i l  a t  a  h i g h e r  t e m p e r a t u r e  t h a n  d o e s  p y r i d i n e  
h y d r o c h l o r i d e .  If so,  the  b e s t  t h a t  cou ld  be e x p e c te d  would, be a  d i s ­
t i l l a t e  of p y r i d i n e  h y d r o c h l o r i d e  c o n ta in in g  a  s m a l l  a m o u n t  of the  
c h l o r o p y r i d i n e  s a l t s .  F o r t u n a t e l y ,  t h i s  e x p e c t a t i o n  w a s  w r o n g .  It w a s  
found th a t  by c a r e f u l l y  c o n t r o l l i n g  the  f l a s k  t e m p e r a t u r e  so th a t  only  
v e r y  s low d i s t i l l a t i o n  r e s u l t e d ,  the  d i s t i l l a t e  c o n ta in e d  s u b s t a n t i a l  
a m o u n t s  of 2 - c h l o r o p y r i d i n e  wi th  only  s m a l l  a m o u n t s  of p y r i d i n e  h y d r o ­
c h l o r i d e .  A f t e r  s o m e  p r a c t i c e  y i e ld s  of a p p r o x i m a t e l y  20 p e r c e n t  of 
2 - c h l o r o p y r i d i n e  w e r e  o b ta in e d .  F o l lo w in g  i s  a  t y p i c a l  e x p e r i m e n t :
P R E P A R A T I O N  O F  2 -C H L O R O P Y R ID IN E  WITH C U P R IC  C H LO R ID E  - 
A  m i x t u r e  of 80 m l  (1. 0 m o le )  of p y r i d i n e ,  105 m l  ( e x c e s s )  of c o n c e n t r a t e d ,  
h y d r o c h l o r i c  acid.  and. 170. 5 g.  ( 1 .0  m o le )  of c u p r i c  c h l o r i d e  d i h y d r a t e  in 
a  one l i t e r ,  t h r e e  neck ,  r o u n d  b o t to m  f l a s k  e q u ip p e d  w i th  a  t h e r m o m e t e r  
in  a  t h e r m o m e t e r  w e l l  ex ten d in g  in to  the  f l a s k  c o n te n t s ,  a  d ro p p in g  funne l ,  
and. a  c o n d e n s e r  a r r a n g e d ,  f o r  d i s t i l l a t i o n ,  w a s  h e a t e d  to b o i l in g .  T h e
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f r a c t i o n  b o i l in g  f r o m  1 0 0 ° C .  to 14 0 °C .  (m a in ly  w a t e r  a n d  h y d r o g e n  
c h l o r i d e )  w a s  d i s c a r d e d .  T h e  t e m p e r a t u r e  of the  r e a c t i o n  m i x t u r e  th e n  
r o s e  r a p i d l y  to  a p p r o x i m a t e l y  2 6 0 ° C . ,  a c c o m p a n i e d  by the  r a p i d  e v o ­
lu t ion  of h y d r o g e n  c h l o r i d e  g a s  w h ic h  w a s  a b s o r b e d  in  w a t e r  in a  gas  
t r a p .  T h e  r a t e  of h e a t i n g  w a s  a d j u s t e d  so a s  to g ive  v e r y  s low  d i s t i l ­
la t ion ;  th e  t e m p e r a t u r e  of the  ex i t  v a p o r s  r o s e  g r a d u a l l y  f r o m  140°C.  
to 2 2 0 ° C .  w h i l e  the  t e m p e r a t u r e  of the  f l a s k  c o n te n t s  r e m a i n e d  in  the  
r a n g e  of 2 6 0 ° C .  to 2 7 0 ° C .  H e a t in g  w a s  d i s c o n t in u e d  w h en  the  v a p o r  
t e m p e r a t u r e  r e a c h e d  2 2 0 ° C . ,  a t  w h ic h  t i m e  the  d i s t i l l a t e  w a s  m o s t l y  
p y r i d i n e  h y d r o c h l o r i d e .  T o t a l  t i m e  f o r  th e  d i s t i l l a t i o n  w a s  a p p r o x i m a t e l y  
4 h o u r s .
T h e  140°C.  - 2 2 0 ° C .  f r a c t i o n  w a s  m a d e  a lk a l in e  w i th  a m m o n i u m  
h y d r o x id e  and  e x t r a c t e d  w i th  t h r e e  50 m l  p o r t i o n s  of b e n z e n e .  Without  
d r y in g ,  the  b e n z e n e  s o l u t i o n  w as  f r a c t i o n a l l y  d is t i l led ,  t h r o u g h  an  
e i g h te e n  in c h  V i g r e u x  c o l u m n  g iv ing ,  a f t e r  a  f o r e r u n  of s o m e  p y r i d i n e ,
10 g r a m s  to 1 1 . 5  g r a m s  (18% - 20% y ie ld )  o f  2 - c h l o r o p y r i d i n e ,  bo i l ing  
p o in t  1 7 0 °C .  - 172°C .
The  1 7 0°C .  - 172°C .  f r a c t i o n  w a s  ident if ied,  a s  2 - c h l o r o p y r i d i n e  
by  c o n v e r t i n g  i t  in to  2 - m e t h o x y  p y r i d i n e  a n d  c o m p a r i n g  the  m e l t i n g  
p o in t  of the  p i c r a t e  of the  l a t t e r  compound,  w i th  the  m e l t i n g  po in t  r e ­
por ted .  in  the  l i t e r a t u r e  a n d  w i th  the m e l t i n g  poin t of the  p i c r a t e  of 
2 - m e t h o x y p y r i d i n e  m a d e  f r o m  a n  a u th e n t i c  s a m p l e  of 2 - c h l o r o p y r i d i n e .  
A t t e m p t s  to m a k e  th e  p i c r a t e  of 2 - c h l o r o p y r i d i n e  w e r e  not s u c c e s s f u l .
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P R E P A R A T I O N  O F  T H E  P I C R A T E  O F  2 -M E T H O X Y P Y R ID IN E  
F R O M  T H E  170°C .  - 172°C .  F R A C T I O N  - F i v e  g r a m s  of the  p r o d u c t  
bo i l in g  a t  170°C .  - 172°C .  (0, 044 m o l e s )  w e r e  a d d e d  to a  so lu t ion  of 4 
g r a m s  of s o d iu m  (0. 17 m o le )  in  35 m l  of a n h y d r o u s  m e t h a n o l .  The  
so lu t io n  w as  re f luxed ,  f o r n i x  h o u r s ,  t h e n  coo led ;  the  s o d iu m  c h lo r id e  
w h ich  h a d  f o r m e d  w as  f i l t e r e d  off a n d  w a s h e d  w i th  a n h y d r o u s  m e th a n o l ,  
the  w a sh in g  b e in g  a d d e d  to  the f i l t r a t e .  D r y  h y d r o g e n  c h l o r i d e  w a s  th e n  
b u b b le d  into the  m e t h a n o l  s o lu t io n  to c o n v e r t  2 - m e t h o x y p y r i d i n e  to i t s  
h y d r o c h l o r i d e .  A f t e r  d i s t i l l i n g  off  a n d  d i s c a r d i n g  the  m e th a n o l ,  the  
r e s i d u e  w a s  m a d e  a lk a l in e  wi th  d i lu te  so d iu m  h y d r o x id e  and  s t e a m  
d i s t i l l e d .  T h e  d i s t i l l a t e  c o n ta in in g  2 - m e t h o x y p y r i d i n e  w as  e x t r a c t e d  
w i th  e t h e r ,  the  e t h e r  ev ap o ra ted ,  off, and. to the  r e s i d u e  w as  added, a  
w a r m  s o lu t io n  of 2 g r a m s  of p i c r i c  acid, in 20 m l  of e th an o l .  The  r e ­
su l t in g  p i c r a t e  w a s  r e c r y s t a l l i z e d  to c o n s t a n t  m e l t i n g  po in t  of I 5 8 ° C .  - 
159°C .  f r o m  e th a n o l .  G r a v e  (23) r e p o r t e d  a  m e l t i n g  po in t  of 158°C.  - 
159°C .  f o r  the  p i c r a t e  of 2 - m e t h o x y p y r i d i n e .
F i v e  g r a m s  of 2 - c h l o r o p y r i d i n e  obtained,  f r o m  D i s t i l l a t i o n  P r o d u c t s  
Ind .u s t r ie s  ( E a s t m a n  Kodak  C o m p a n y )  w e r e  conver ted ,  into the p i c r a t e  of 
2 - m e t h o x y p y r i d i n e  in  e x a c t ly  th e  s a m e  m a n n e r ,  g iv ing  c r y s t a l s  w h ic h  
a l s o  melted ,  a t  158°C ,  - 159°C .  A  m i x t u r e  of e q u a l  a m o u n t s  of  2 - m e t h o x y -  
p y r i d i n e  p i c r a t e  f r o m  t h e s e  two s o u r c e s  a l s o  mel ted ,  a t  158°G.  - 159°C .
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A t te n t io n  w a s  now t u r n e d  to  m o d i f i c a t i o n  of the  p r o c e d u r e  d e ­
s c r i b e d  on  p age  14, a n d  to o t h e r  p r o c e d u r e s  in  a n  e f f o r t  to i n c r e a s e  
y i e ld s  of p r o d u c t .  T h e s e  c o n s i s t e d  of e x p e r i m e n t s  a t  a b o v e - a t m o s p h e r i c  
p r e s s u r e ,  the  u se  of a  c o m p l e x  c r y s t a l l i n e  s a l t ,  C u C l 2 * 2 P y  2HC1 (P y  z 
p y r id i n e )  a s  s t a r t i n g  m a t e r i a l ,  a n d  m o d i f i c a t i o n s  of p r o c e d u r e  f o r  r e ­
c o v e r y  of p r o d u c t  f r o m  the  r e a c t i o n  m i x t u r e .  T y p i c a l  e x p e r i m e n t s  a r e  
d e s c r i b e d  be low .
E x p e r i e n c e  to th i s  poin t  h a d  i n d i c a t e d  th a t  l i t t l e  o r  no r e a c t i o n  
o c c u r r e d  b e tw e e n  p y r id i n e  h y d r o c h l o r i d e  and c u p r i c  c h l o r i d e  be low  
a p p r o x i m a t e l y  2 4 0 °C .  To  a t t a in  t h i s  t e m p e r a t u r e  it w a s  n e c e s s a r y  to  u s e  
s u b s t a n t i a l  q u a n t i t i e s  of c u p r i c  c h l o r i d e  d i s so lved ,  in the  p y r i d i n e  h y d r o ­
c h l o r i d e  in o r d e r  to r a i s e  the  bo i l ing  p o in t  of tlie l a t t e r  c o m p o u n d  to 
2 4 0°C .  P r e l i m i n a r y  e x p e r i m e n t s  w e r e  r u n  u s in g  p y r i d i n e  ( r a t h e r  th a n  
p y r i d i n e  h y d r o c h l o r i d e )  a n d  c u p r i c  c h l o r i d e  in  s e a l e d  g l a s s  t u b e s  so a s  
to a t t a i n  h i g h e r  t e m p e r a t u r e s  t h a n  w e r e  p o s s i b l e  in a n  open  c o n t a i n e r .
It w a s  found, tha t  p y r i d i n e  a n d  c u p r i c  c h l o r i d e  d id  r e a c t  to give 2 - c h l o r o -  
p y r id i n e  in a  sea led,  c o n t a i n e r  if heated,  f o r  a  long per iod ,  of t i m e  a t  170°C .  
The quan t i ty  of p r o d u c t  o b t a in e d  w a s  no t  l a r g e  .enough to  c o u n t e r b a l a n c e  
the  i n c o n v en ien c e  o f  w o r k in g  in s e a l e d  c o n t a i n e r s .  A  d e s c r i p t i o n  of a  
t y p i c a l  e x p e r i m e n t  fo l lows:
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R E A C T IO N  O F  P Y R ID IN E  AND C U P R IC  C H L O R ID E IN A  S E A L E D  
T U B E  - T h i r t e e n  g r a m s  (0. 1 m o le )  of a n h y d r o u s  c u p r i c  c h l o r i d e  a n d  
e igh t  g r a m s  (0. 1 m o le )  of p y r i d i n e  w e r e  sea led,  in  a  t h i c k  w a l l  g l a s s  tu b e .  
The  tube  w a s  h e a t e d  in a C a r i u s  f u r n a c e  a t  170°C .  f o r  4 d a y s .  A f t e r  
coo l ing  th e  tube ,  i t  w a s  o p e n ed  a n d  i t s  c o n t e n t s  w e r e  w a s h e d  in to  a 
b e a k e r ,  m a d e  a lk a l in e  w i th  a m m o n i u m  h y d r o x id e  a n d  e x t r a c te d ,  w i th  
t h r e e  15 m l  p o r t i o n s  of b e n z e n e .  The  b e n z e n e  e x t r a c t  w a s  f r a c t io n a te d ,  
t h r o u g h  a n  e ig h te e n  inch  V i g r e u x  c o lu m n .  Tw o g r a m s  (18. 1% y ie ld )  of 
2 - c h l o r o p y r i d i n e ,  bo i l in g  a t  170°C .  - 1 72°C „ ,  w e r e  o b t a in e d .
D u r in g  the  m ix in g  of p y r id i n e ,  h y d r o c h l o r i c  a c i d  and  c u p r i c  
c h l o r i d e  f o r  e x p e r i m e n t s  su ch  a s  t h o s e  d e s c r i b e d  on p a g e  14, i t  w a s  
n o t i c e d  th a t  l a r g e  ye l low  c r y s t a l s  would, s e p a r a t e  f r o m  s u c h  m i x t u r e s  
w hen  th ey  w e r e  c o o le d .  P r e s u m a b l y  t h e s e  c r y s t a l s  h a v e  the  c o m p o s i t i o n  
CuCl^"  ZPy" 2HC1 a s  r e p o r t e d ,  by L ang  (24).  P r e s u m a b l y  th i s  c o m p l e x  
c o m p o u n d  w a s  f o r m e d  a t  s o m e  t i m e  d u r in g  the  m ix in g  a n d  h e a t i n g  of 
p y r id i n e ,  h y d r o c h l o r i c  acid.  and. c u p r i c  c h l o r i d e .  It s eem ed ,  b a r e l y  p o s s i ­
b le  th a t  t h e r e  could, be an  a d v a n ta g e  in u s in g  p y r i d i n e ,  h y d r o c h l o r i c  
acid, a n d  c u p r i c  c h l o r i d e  in th i s  2:2:1 r a t i o  by  u s in g  the  c r y s t a l l i n e  
c o m p l e x  c o m p o u n d  of th i s  c o m p o s i t i o n  a s  s t a r t i n g  m a t e r i a l .  A c c o r d i n g l y ,  
s o m e  r e a c t i o n  r u n s  w e r e  m a d e  w h ic h  r e s u l t e d  in  a n  i m p r o v e m e n t  of the  
y i e l d  of 2 - c h l o r o p y r i d i n e  f r o m  a b o u t  20% to a b o u t  26%. F o l l o w i n g  i s  a  
d e s c r i p t i o n  of a  t y p i c a l  e x p e r i m e n t .
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P R E P A R A T I O N  O F  C u C l2 ° 2 P y “ 2HC1 - Into a  p a s t e  m a d e  by- 
m i x i n g  e q u a l  m o l a r  q u a n t i t i e s  of c u p r i c  c h l o r i d e  a n d  p y r i d i n e  w a s  s low ly  
added, enough  h y d r o c h l o r i c  a c id  to  b a r e l y  e f fec t  s o lu t io n  of a l l  s o l i d s .  
C r y s t a l s  b e g a n  f o r m i n g  a s  the  s o lu t io n  c o o led .  A f t e r  s t an d in g  o v e r n ig h t ,  
t h e  m i x t u r e  w a s  f i l t e r e d  and  the  long ye l low  n e e d l e s  of C u C l2 ° 2Py° 2HCI 
w e r e  w a s h e d  w i th  a n h y d r o u s  e t h e r  a n d  d r i e d  in th e  a t m o s p h e r e .  The  
w a t e r  so lu b le  c r y s t a l s  m e l t  w i th  d e c o m p o s i t i o n  a t  140°C .  to 160°C .  A  
y i e l d  of  85% of  the  t h e o r e t i c a l  w a s  o b ta in e d .
P R E P A R A T I O N  O F  2 -C H L O R O P Y R ID IN E  BY HEATING C R Y S T A L - 
LIN E  C u C l 2 " 2 P y  2HCI - One h u n d r e d  and  t e n  g r a m s  (0. 5 m o le )  of c r y s t a l ­
l ine  C u C l 2 * 2 P y  2HCI w e r e  p laced, in a  t w o - n e c k  500 m l  ro u n d  b o t to m  f l a s k  
e q u i p p e d  w i th  a  t h e r m o m e t e r  in  a  t h e r m o m e t e r  w e l l  w h ic h  extended, into 
th e  f l a s k  c o n te n t s ,  a n d  connec ted ,  to a c o n d e n s e r  s e t  f o r  d i s t i l l a t i o n .  On 
h e a t i n g ,  the  c r y s t a l s  m e l t e d  to a  d a r k  ye l lo w  liquid, at  160°C. A  s u b ­
s t a n t i a l  q u a n t i ty  of h y d r o g e n  c h l o r i d e  g a s  w a s  evolved..  W hen  the  liquid, 
t e m p e r a t u r e  . reached, a p p r o x i m a t e l y  2 4 0 ° C . ,  d i s t i l l a t i o n  b e g a n .  T h e  f l a s k  
t e m p e r a t u r e  w a s  h e ld  a t  th e  260°G .  - 2 7 0 °C .  t e m p e r a t u r e  r a n g e  un t i l  
d i s t i l l a t i o n  c e a s e d .  The  d i s t i l l a t e  c a m e . o v e r  w i th in  the  p r e v i o u s l y  o b ­
se rv ed ,  140°C .  - 2 2 0 ° C .  r a n g e .  T h i s  d i s t i l l a t e  w a s  m a d e  a l k a l i n e  w i th  
a m m o n i u m  h y d r o x i d e ,  t h e n  e x t r a c t e d  w i th  b e n z e n e .  F i f t e e n  g r a m s  (26. 5%) 
of  2 - c h l o r o p y r i d i n e  (b. p .  I 7 0 ° C .  - I 7 2 ° G . )  w e r e  obtained,  b y  f r a c t i o n a l l y
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d i s t i l l i n g  the  b e n z e n e  e x t r a c t  th r o u g h  a n  e i g h te e n  in c h  V i g r e u x  c o lu m n .
A t t e n t io n  w a s  t h e n  tu rned ,  to the  p o s s i b i l i t y  of i n c r e a s i n g  the  o v e r ­
a l l  y i e l d s  by  m o d i fy in g  p r o c e d u r e s  f o r  r e c o v e r y  of c r u d e  2 - c h l o r o p y r i d i n e  
f r o m  the  r e a c t i o n  p r o c e d u r e s .  In a l l  e x p e r i m e n t s  so f a r  d e s c r i b e d ,  
c r u d e  2 - c h l o r o p y r i d i n e  w a s  r e m o v e d  f r o m  the  r e a c t i o n  m i x t u r e  by s low 
d i s t i l l a t i o n  b e g in n in g  w i th  the  t e m p e r a t u r e  of the  l iqu id  m i x t u r e  a t  about  
2 4 0 ° C .  A s  d i s t i l l a t i o n  p r o c e e d e d ,  the  t e m p e r a t u r e  of the  r e a c t i o n  m i x ­
t u r e  r o s e  g r a d u a l l y ,  r e a c h i n g  a p p r o x i m a t e l y  2 7 0 ° C .  w h en  the  d i s t i l l a t e  
t e m p e r a t u r e  r e a c h e d  ab o u t  2 2 0 °C .  At  th i s  s t ag e  the  d i s t i l l a t e  w as  
l a r g e l y  p y r i d i n e  h y d r o c h l o r i d e .  Con t inu ing  d i s t i l l a t i o n  p a s t  th i s  s tag e  
did. not i n c r e a s e  the  yield,  of 2 - c h l o r o p y r i d i n e ; the  r e a c t i o n  m i x t u r e  
a p p e a re d ,  to be d e c o m p o s i n g  and  the  f l a s k  w as  l ik e ly  to b r e a k .
Wibaut (15) h a s  r e p o r t e d ,  tha t  2 - c h l o r o p y r i d i n e  w i l l  d i s t i l l ,  a long  
w i th  w a t e r ,  f r o m  an  a q u e o u s  so lu t io n  of h y d r o c h l o r i c  a c id .  L i t t l e  o r  no 
p y r i d i n e  w i l l  d i s t i l l  f r o m  su ch  abso lu t ion .  It s eem ed ,  p o s s i b l e  th a t  f u r t h e r  
a m o u n t s  of 2 - c h l o r o p y r i d i n e  c o u ld  be r e c o v e r e d  by a l low ing  the  r e a c t i o n  
m i x t u r e  to coo l  a f t e r  the  d i s t i l l a t e  t e m p e r a t u r e  h a d  reach ed .  2 2 0 ° C . ,  
ad d in g  h y d r o c h l o r i c  acid,  and  r e p e a t i n g  the  d i s t i l l a t i o n  un t i l  the  d i s t i l l a t e  
t e m p e r a t u r e  a g a in  r e a c h e d  2 2 0 ° C .  It w a s  found, th a t  t h i s  did  i n d e e d  h a p p e n  
and th a t  by  u s in g  s e v e r a l  p o r t i o n s  of h y d r o c h l o r i c  a c id ,  r e c o v e r y  could, 
be i m p r o v e d  so a s  to i n c r e a s e  the  y i e l d  of 2 - c h l o r o p y r i d i n e  to a p p r o x i m a t e l y  
40%. A  d e s c r i p t i o n  of a  t y p i c a l  e x p e r i m e n t  fo l lows :
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P R E P A R A T I O N  O F  2 -C H L O R O P Y R ID IN E  - Into a  one l i t e r ,  
t h r e e - n e c k  f l a s k  a t t a c h e d  to  a  c o n d e n s e r  a r r a n g e d  f o r  d i s t i l l a t i o n  an d  
equipped, w i th  a  t h e r m o m e t e r  in a  t h e r m o m e t e r  w e l l  e x ten d in g  down into 
the  f l a s k  c o n te n t s  and  w i th  a  d ro p p in g  funne l  w e r e  placed. 80 m l  ( I .  0 m o le )  
of p y r id i n e ,  105 m l  ( e x c e s s )  of  37% h y d r o c h l o r i c  a c id  and. 1 7 0 .5  g r a m s  
(1 .0  m o le )  of c u p r i c  c h l o r i d e  d.ihydra.te. T h e  r e a c t i o n  m i x t u r e  w as  
h e a te d  and  the  d i s t i l l a t e  b o i l ing  be low  140°C .  w as  d i s c a r d e d .  The  t e m p e r ­
a t u r e  of the  r e a c t i o n  m i x t u r e  t h e n  r o s e  r a p i d l y  to a p p r o x i m a t e l y " 2 6 0 ° C .  
w i th  the  e v o lu t io n  of h y d r o g e n  c h l o r i d e .  T h e  r a t e  of h e a t i n g  of  th e  m i x ­
t u r e  w as  a d j u s t e d  so a s  to c a u s e  v e r y  s low d i s t i l l a t i o n .  A s  d i s t i l l a t i o n  
p ro ceed ed ,  the  t e m p e r a t u r e  of the  d i s t i l l i n g  v a p o r  r o s e  g r a d u a l l y  f r o m  
140°C.  to 2 2 0 ° C . , at w h ich  po in t  the  d i s t i l l a t e  b e c a m e  l a r g e l y  p y r id i n e  
h y d r o c h l o r i d e .  T o t a l  t i m e  f o r  d i s t i l l a t i o n  of the  140°C .  - 2 2 0 °C .  f r a c t i o n  
w as  a p p r o x i m a t e l y  f o u r  h o u r s .  T h e  r e a c t i o n  m i x t u r e  w as  allowed, to coo l  
to about  100°C.  and 100 m l  of 1:1 c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d - w a t e r
so lu t ion  w e r e  a d d ed  to the  r e a c t i o n  m i x t u r e  and  d i s t i l l a t i o n  w a s  re su m ed . .
oA ga in  the  f r a c t i o n  bo i l ing  up to 140 C. w as  d i s c a rd e d ,  a n d  h e a t in g  w as  
ajdjusted so a s  to c a u s e  s low  d i s t i l l a t i o n  w h i le  the  v a p o r  t e m p e r a t u r e  
r o s e  s low ly  to .220°C . D i s t i l l a t i o n  w a s  a g a in  i n t e r r u p t e d ,  the  f l a s k  
c o n ten t s  cooled,  and. s u c c e s s i v e  a d d i t i o n a l  100 m l  p o r t i o n s  of  1:1 c o n ­
cen t ra ted ,  h y d r o c h l o r i c  a c i d - w a t e r  w e r e  added ,  r e p e a t i n g  the  d i s t i l ­
l a t ion  a s  d e s c r ib e d ,  fo l lowing  e a c h  a d d i t io n  of a  1:1 h y d r o c h l o r i c
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a c i d - w a t e r  p o r t i o n .
A l l  m a t e r i a l  d i s t i l l i n g  a t  140°C ,  - 2 2 0 ° C .  w a s  c o m b in e d ,  m a d e  
a lk a l in e  w i th  a m m o n i u m  h y d r o x i d e  and  e x t r a c t e d  w i th  t h r e e  50 m l - p o r t i o n s  
of b e n z e n e .  On d i s t i l l i n g  the  b e n z e n e  so lu t io n  t h r o u g h  a n  18 in ch  V i g r e u x  
c o lu m n ,  a  f o r e r u n  of p y r i d i n e  was  fo l lo w e d  by a 40% - 41% y i e l d  of 2 -  
c h l o r o p y r i d i n e ,  bo i l ing  po in t  170°C .  - 172°C .
T A B L E  1 s u m m a r i z e s  the a m o u n t s  of the  140°C - 2 2 0 °C .  f r a c t i o n  
( c r u d e  2 - c h l o r o p y r i d i n e )  obtained, in e a c h  s t ep  of the  r e c o v e r y  p r o c e s s  
f o r  t h r e e  d i f f e r e n t  e x p e r i m e n t s  u s in g  th i s  p r o c e d u r e .
A t t e n t io n  w as  th e n  t u r n e d  to the e f fe c t  of v a r y i n g  the  r a t i o  of 
c u p r i c  c h l o r i d e  and  p y r id i n e  h y d r o c h l o r i d e  a s  th i s  m ig h t  a f f e c t  the  y i e l d  
of 2 - c h l o r o p y r i d i n e .  A  s e r i e s  of r u n s  w e r e  m a d e  u s in g  the  p r o c e d u r e  
d e s c r i b e d  on page  20, w i th  the  r a t i o  of c u p r i c  c h l o r i d e  to p y r i d i n e  v a r y ­
ing f r o m  0. 18:1 to 2:1.  It w a s  found  th a t  y i e l d s  of 2 - c h l o r o p y r i d i n e  d id  
v a r y  a p p r e c i a b l y  if the  r a t i o  of c u p r i c  c h l o r i d e  to p y r i d i n e  w a s  d e c r e a s e d ,  
be low  1:1. T h e s e  r e s u l t s  a r e  s u m m a r i z e d ,  in  T A B L E  2.
It now seem ed ,  of i n t e r e s t  to d e t e r m i n e  if the  r e s i d u e  of c o p p e r  
c o m p o u n d s  r e m a i n i n g  in the  r e a c t i o n  f l a sk ,  a f t e r  c a r r y i n g  out th e  p r o ­
c e d u r e  d e sc r ib e d ,  on page  20, cou ld  be r e g e n e r a t e d ,  and. used,  fo r  the  
p r e p a r a t i o n  of m o r e  2 - c h l o r o p y r i d i n e .  A c c o r d i n g l y ,  a r u n  w a s  m a d e  
by  the  p r o c e d u r e  d e sc r ib e d ,  on p ag e  20 w h ic h  gave  the  expec ted ,  yield.
T A B L E  1
D A T A  F R O M  T H R E E  C U P R IC  C H L O R ID E -P Y R I D IN E
HYDROCHLORIDE E X P E R I M E N T S
E x p e r i m e n t  1 E x p e r i m e n t  2 E x p e r i m e n t  3
I n i t i a l  30
F r o m  1s t  100 m l  1:1 HCI 14
2 n d  100 m l  1:1 HCI 8
3rd. 100 m l  1:1 HCI ' 5
4 th  100 m l  1:1 HCI 6
5th  100 m l  1:1 HCI 1
6th  100 m l  1:1 HCI 0
Ml 140°C .  - 22 0 °C .  D i s t i l l a t e
32 31
11  12
5 6
6 5
5 4
2 5
0 0
T o t a l 64 61 63
T o t a l  Y ie ld  o£ 2 - C h l o r o p y r i d i n e  (b. p.  170-172  C)
29g (40. 8% y ie ld )  27 .  2g (40. 5% y ie ld )  26g (40.  6% yie ld )
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T A BL E  2
E F F E C T  O F  VARYING M O L A R  RATIOS O F C U PRIC
c h l o r i d e  a n d  p y r i d i n e
M o le s  of M o le s  of M o le s  of U n-  M o le s  of 2 -  '% Y ie ld  of
<,'Cu.C Ig U s e d  P y r i d i n e  r e a c t e d  P y r i -  C h l o r o p y r i -  2 - C h l o r o p y r i -
f U s e d  d ine  R e c o v e r e d  d ine  O b ta ined  d ine
. 09 0. 5 . 48 0 0
. 18 0. 5 . 42 .009 10 .9
. 36 0. 5 . 22 .061 2 2 .0
. 45 0. 5 . 20 .118 39.8
. 54 0. 5 . 18 .1 3 41. 0
1 .00 0. 5 . 18 .1 3 3 41 . 6
T h e  p e r c e n t a g e  y i e l d  of 2 - c h l o r o p y r i d i n e  w a s  ca lcu la ted ,  
f r o m  the  a m o u n t  of p y r id i n e  c o n s u m e d .
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of a p p r o x i m a t e l y  40% of 2 - c h l o r o p y r i d i n e .  To the  r e s i d u e  of c o p p e r  
s a l t s  (and  p o s s i b l y  o r g a n i c  m a t e r i a l )  in  the  f l a s k  w a s  added, one m o l e  of 
p y r i d i n e  and. s o m e w h a t  m o r e  than  one  m o l e  of 37% h y d r o c h l o r i c  a c id .
A f t e r  d i s t i l l i n g  off w a t e r  an d  e x c e s s  h y d r o g e n  c h l o r i d e ,  a  s low  s t r e a m  
of c h lo r in e  g a s  w a s  i n t r o d u c e d  in to  the  f l a s k  c o n te n t s  w hi le  d i s t i l l a t i o n  
w a s  co n t inued  a t  a s low r a t e .  T he  140°C .  - 22 0 °C ,  f r a c t i o n  gave ,  on 
p u r i f i c a t i o n ,  an  a p p r o x i m a t e l y  60% y ie ld  of p u r i f i e d  2 - c h l o r o p y r i d i n e  
w ithout the  u s e  of a d d i t i o n a l  d i s t i l l a t i o n s  w i th  p o r t i o n s  of 1:1 h y d r o c h l o r i c  
acid, w h ich  w a s  n e c e s s a r y  to o b ta in  a  40% yield,  in  the  a b s e n c e  r f  c h l o r i n e .  
F i v e  c o n s e c u t iv e  r e p e t i t i o n s  of th i s  p r o c e d u r e ,  in  e a c h  c a s e  add ing  
p y r id i n e  and  h y d r o c h l o r i c  a c id  to the  r e s i d u e  in  the  r e a c t i o n  f la sk ,  gave  
63.4% to 69% y ie ld s  of 2 - c h l o r o p y r i d i n e  (b a sed  on p y r id i n e  c o n s u m e d !  and 
wi th  no in d ic a t io n  of any d im in u t i o n  in y ie ld  w i th  s u c c e s s i v e  r u n s .  A 
de ta i led ,  d e s c r i p t i o n  fo l lows :
P R E P A R A T I O N  O F  2 -C H L O R O P Y R ID IN E  USING CH LO R IN E AND 
C U PR IC  CHLORIDE - A r u n  e x a c t ly  a s  d e s c r i b e d  on p ag e  20 w a s  c a r r i e d  
out,  g iv ing 30 g r a m s  of 2 - c h l o r o p y r i d i n e  (42.  6% y ie ld  b a s e d  on a m o u n t  of 
p y r id i n e  c o n s u m e d ) .  To the  cooled,  r e s i d u e  in the  f l a s k  w a s  added. 80 m l  
( 1 .0  m o le )  of p y r i d i n e  a n d  105 m l  of 37 p e r  c e n t  h y d r o c h l o r i c  a c id .  H ea t in g  
w a s  beg u n  a n d  the d i s t i l l a t e  c o m in g  o v e r  up to 140°C .  w a s  d i s c a r d e d .  A t  
th i s  po in t  c h l o r i n e  g a s  w a s  i n t r o d u c e d  b e lo w  the  s u r f a c e  of the  liquid, in  
the  r e a c t i o n  f l a s k  at  s u c h  a  r a t e  t h a t  only  a  s m a l l  a m o u n t  of c h l o r i n e
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e s c a p e d  f r o m  th e  s u r f a c e  of th e  l iqu id .  I n t r o d u c t i o n  of c h l o r i n e  g a s  w a s  
c o n t in u e d  w h i le  the  r a t e  of e x t e r n a l  h e a t i n g  w a s  s u c h  th a t  d i s t i l l a t i o n  
p r o c e e d e d  s lo w ly .  D i s t i l l a t i o n  w a s  c o n t in u e d  u n t i l  the  t e m p e r a t u r e  of 
the  d i s t i l l i n g  v a p o r  reach ed .  2 20°G .  A f t e r  co o l ing ,  a n o t h e r  80 m l  ( 1 .0  
m o le )  of p y r id i n e  and  105 m l  of 37 p e r  c e n t  h y d r o c h l o r i c  a c i d  w e r e  a d d e d  
to  the  r e s i d u e  in  the  r e a c t i o n  f l a s k  and  the  p r o c e d u r e  j u s t  d e s c r i b e d ,  
inc lu d in g  the  u s e  of c h l o r i n e  g a s  w as  r e p e a t e d .  P e r t i n e n t  d a t a  f o r  e a c h  
s u c h  r e p e t i t i o n  i s  g iven  in T A B L E  3.
In e a c h  c a s e  the  1 4 0 ° C . - 220°C .  f r a c t i o n  w a s  m a d e  a lk a l in e  w i th  
a m m o n i u m  h y d r o x id e ,  e x t r a c t e d  wi th  t h r e e  50 m l  p o r t i o n s  of b e n z e n e  and. 
the  r e s u l t i n g  b e n z e n e  e x t r a c t  d i s t i l l e d  t h r o u g h  a n  18 in c h  V i g r e u x  c o lu m n .
When it w a s  e s t a b l i s h e d  th a t  2 - c h l o r o p y r i d i n e  w as  p roduced ,  by 
th e  r e a c t i o n  of c u p r i c  c h l o r i d e  and  p y r i d i n e  o r  p y r i d i n e  h y d r o c h l o r i d e ,  
i t  w a s  thought t h a t  c i t h e r  o r  bo th  4 - c h l o r o p y r i d i n e  and  b i p y r i d y l s  would, 
a l s o  be formed..  No p o s i t i v e  e v id en c e  of the  f o r m a t i o n  of e i t h e r  could, be 
found .  T he  s e n s i t i v e  t e s t  of H e in  and. R e t t e r  (22) f o r  2, 2' - b i p y r i d y l  
(an  i n te n s e  r e d  c o l o r  w i th  a q u e o u s  f e r r o u s  su l fa te )  w a s  c o n s i s t e n t l y  
n e g a t i v e .  The  on ly  i n d i c a t io n  th a t  s o m e  4 - c h l o r o p y r i d i n e  m ig h t  be p r o ­
d u c ed  w a s  a  s m a l l  a m o u n t  of b la ck ,  r e s i n  l ike m a t e r i a l  w h ic h  r e m a in e d ,  
in  the  f l a s k  a f t e r  d i s t i l l a t i o n  of the  c r u d e  2 - c h l o r o p y r i d i n e  (the 140°C .  - 
2 2 0 ° C .  f r a c t i o n ) .  4 - C h l o r o p y r i d i n e  i s  known to p o l y m e r i z e  r e a d i l y .
T A B L E  3
R E A C T I O N  O F  C H L O R I N E - C U P R I C  C H L O R ID E  W ITH 
P Y R I D I N E  H Y D R O C H L O R ID E
M o le s
C u C l g
Mo Le s 
P y r i d i n e  
A d d e d
M o le s
P y r i d i n e
R e c o v e r e d
M ole  s 
2 - C h l o r o ­
p y r i d i n e  
P r o d u c e d
% Y ie ld  
2 - C h l o r o -  
P y r i d i n e
I n i t i a l  r u n 1 1 . 38 . 26 42. 6
1 s t  r u n  w i th  C l^ - 1 . 13 . 55 64. 5
2 n d  r u n  w i th  C l^ - 1 . 11 . 60 69
3rd. r u n  w i th  C l^ - 1 . 14 . 54 63. 4
4 th  r u n  w i th  C I 2 - 1 . 11 . 56 1 64
5th  r u n  w i th  C l^ — 1 . 11 . 57 65
6th  r u n  w i th  C L I . 1 3 . 55 64. 5
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A few  e x p e r i m e n t s  w e r e  done  on  the  u s e  of the  c h l o r i d e s  of 
p o ly v a le n t  e l e m e n t s  o t h e r  th an  c o p p e r .  U sing  the  p r o c e d u r e  d e s c r i b e d  
on  p ag e  20, it  w a s  found, th a t  a  28% y i e l d  of 2 - c h l o r o p y r i d i n e  could, be 
obtained,  u s in g  a n t i m o n y  p e n t a c h l o r i d e  r a t h e r  t h a n  c u p r i c  c h l o r i d e .  
S tann ic  c h l o r i d e  and  f e r r i c  c h l o r i d e  gave  no a p p r e c i a b l e  y i e l d  of 2- 
c h l o r o p y r i d i n e .
The  p o s s i b i l i t y  o f  p r e p a r i n g  2 - b r o m o p y r i d i n e  f r o m  p y r id i n e  
h y d r p b r o m i d e  and  c u p r i c  b r o m i d e  w as  i n v e s t i g a t e d  in p r e l i m i n a r y  
f a s h io n .  In an  open  c o n t a i n e r  and. u s in g  the  p r o c e d u r e  d e s c r i b e d  on 
p ag e  20, s e v e n  g r a m s  o f  p r o d u c t  bo i l ing  at  193°C.  - 195°C.  w e r e  o b ­
ta in e d .  T he  r e p o r t e d  bo i l ing  po in t  of 2 - b r o m o p y r i d i n e  i s  193. 5°C - 
194°C .  A n o t i c e a b le  e v o lu t io n  of b r o m i n e  o c c u r r e d ,  when the  p y r id i n e  
h y d r o b r o m i d e - c u p r i c  b r o m i d e  m i x t u r e  w as  h e a t e d .  U s ing  the  p r o c e d u r e  
d e s c r i b e d  on page  17, 2,  8 g r a m s  of p r o d u c t  w e r e  obtained, by h ea t in g  
22 g r a m s  of c u p r i c  b r o m i d e  (0. I m o le )  and. 8 g r a m s  (0. 1 m o le )  of 
p y r id i n e  in  a  sea led ,  t u b e .
SUMMARY AND CONCLUSIONS
A  c o n v en ie n t  l a b o r a t o r y  m e th o d ,  u s in g  s i m p l e  e q u ip m e n t  and  
i n e x p en s iv e  s t a r t i n g  m a t e r i a l s ,  h a s  b e e n  d e v e lo p e d  i o r  the  p r e p a r a t i o n  
of 2 - c h l o r o p y r i d i n e  in  a  l i q u id - p h a s e  r e a c t i o n  a t  a t m o ' s p h e r i c  p r e s s u r e .  
C o n s i s t e n t  y i e ld s  of a p p r o x i m a t e l y  65% of 2 - c h l o r o p y r i d i n e ,  b a s e d  on 
the  a m o u n t  of p y r id i n e  c o n s u m e d ,  can  be o b ta in e d .  A p p r o x i m a t e l y  one 
m o le  of c u p r i c  c h l o r i d e  m u s t  be u s ed  f o r  e a c h  m o le  of  p y r i d i n e  in i t i a l ly ;  
the  r e s i d u e  of c o p p e r  s a l t s  c a n  be u s e d  w i thou t  r e p l e n i s h m e n t  o r  p u r i f i ­
c a t io n  to c o n v e r t  a d d i t i o n a l  m o l a r  p o r t i o n s  of p y r i d i n e  to 2 - c h l o r o p y r i d i n e  
in d e f in i te ly  and without p e r c e p t i b l e  d e c r e a s e  in  y i e l d s .  T h i s  p r o c e d u r e  
could  be r e a d i l y  a d a p te d  to co n t in u o u s ,  r a t h e r  t h a n  ba tch ,  o p e r a t i o n  if 
tha t  w e r e  d e s i r e d .
E x p e r i m e n t a l  w o r k  re p o r te d ,  in th i s  t h e s i s  i s  on ly  p a r t l y  c o n ­
s i s t e n t  w i th  what would  s e e m  to be  the  m o s t  r e a s o n a b l e  o v e r - a l l  e q u a t io n  
fo r  the  r e a c t io n ,  a s  fo l lows;
( 1 )  +  Z C u C l j   > k V c l  ♦ H C t  * C u j C l j-r
(2) CugC 1  ^ i  C I2 ----------------- ? 2C uC I2
(in p r o c e d u r e s  w h e r e  c h l o r i n e  i s  used.)
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T h e r e  i s ,  a s  y e t ,  not enough  d a t a  to  j u s t i f y  s p e c u l a t i o n  a s  to  th e  m e c h a ­
n i s m  of t h i s  r e a c t i o n .  Such d a t a  w i l l  be  d i f f icu l t  to o b ta in .
The  2:1 r a t i o  of c u p r i c  c h l o r i d e  to p y r i d i n e  i s  r e a s o n a b l y  c o n ­
s i s t e n t  w i th  the  40% y ie ld  of 2 - c h l o r o p y r i d i n e  (b a s e d  on p y r i d i n e  u n ­
a c c o u n te d  for )  u s in g  the  p r o c e d u r e  d e s c r i b e d  on p a g e s  20 -21  if i t  w e r e  
a s s u m e d  th a t  t h e r e  w a s  a  10% lo s s  in p u r i f i c a t i o n  and  r e c o v e r y .  I t  is  
a l s o  p o s s i b l e  th a t  a  p a r t  of th i s  10% d i s c r e p a n c y  c o u ld  be a c c o u n t e d  fo r  
by  th e  f o r m a t i o n  of s o m e  4 - c h l o r o p y r i d i n e ,  none of w h ic h  w a s  r e c o v e r e d .  
The  a m o u n t  of evo lved  h y d r o g e n  c h lo r id e  (see  page  13) i s  a l s o  c o n s i s t e n t  
w i th  the  s t o i c h i o m e t r i c  r e l a t i o n s h i p s  of equa t io n  (1) w i th  the  s a m e  a s ­
s u m p t io n s  a s  to lo s s  in p u r i f i c a t i o n  and r e c o v e r y .  It shou ld  be no ted  
th a t  th i s  r e a s o n i n g  would  lead  to a c o n c lu s io n  th a t  the  u se  of  a  2:1 r a t i o  
of  c u p r i c  c h l o r i d e  to p y r id i n e  should, g ive  s u b s t a n t i a l l y  h i g h e r  y i e l d s  of 
2 - c h l o r o p y r i d i n e  th a n  the  40% y ie ld  o b ta in e d  f r o m  a 1:1 r a t i o .  A s  show n  
in  T A B L E  2, page  24, th i s  c o n c lu s io n  i s  not b o r n e  out by  e x p e r i m e n t .
A 2:1 r a t i o  of c u p r i c  c h l o r i d e  to p y r id i n e  gave  e s s e n t i a l l y  the  s a m e  yield,  
a s  did. the  1:1 r a t i o .  F u r t h e r m o r e ,  the  l e s s e n e d  y ie ld s  of 2 - c h l o r o ­
p y r id i n e  shown in  T A B L E  2 a s  th e  r a t i o  of c u p r i c  c h l o r i d e  to p y r i d i n e  
w a s  m a d e  s m a l l e r  could  be i n t e r p r e t e d  a s  e i t h e r  be ing  due to  i n s u f f i c i e n t  
c u p r i c  c h l o r i d e  a s  ox id iz ing  a g en t  o r  s be ing  due  to a  lo w e r  t e m p e r a t u r e  
and th u s  a  s l o w e r  o r  l e s s  c o m p l e t e  r e a c t i o n .
T h e  i n c r e a s e  in  y ie ld  of 2 - c h l o r o p y r i d i n e  f r o m  40% to abou t  65% 
w i th  the  u se  of c h l o r i n e  g a s  is  d i f f icu l t  to  e x p la in .  I t m ig h t  b e  c o n s id e re d .
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t h a t  the  u s e  of c h l o r i n e  in e f fec t  i n c r e a s e d  the  r a t i o  of c u p r i c  c h l o r i d e  
to p y r i d i n e  by  o x id iz in g  c u p r o u s  c h l o r i d e  b a c k  to c u p r i c  c h l o r i d e .  A g a in  
if  t h i s  i s  th e  e x p la n a t io n ,  the  u se  of a  2:1 r a t i o  of c u p r i c  c h l o r i d e  to 
p y r i d i n e  sh o u ld  h a v e  r e s u l t e d  in  an  i n c r e a s e d  y ie ld .  It sh o u ld  a l s o  be 
no ted  th a t  in th e  a b s e n c e  of c h l o r i n e ,  a p p r o x i m a t e l y  a  20% y ie ld  of 
2 - c h l o r o p y r i d i n e  w a s  p r o d u c e d  u n l e s s  p o r t i o n s  of 1:1 h y d r o c h l o r i c  a c id  
w e r e  a d d e d  w i th  a d d i t i o n a l  d i s t i l l a t i o n  s t e p s ,  in w h ich  c a s e  a n o t h e r  20% 
y ie ld  of  2 - c h l o r o p y r i d i n e  w a s  obtained.,  ( p r o c e d u r e s  on p a g e s  14 - 1 6  
and  p a g e s  21, 22) .  U s ing  c h l o r i n e ,  a p p r o x i m a t e l y  65% y ie ld s  of 2 - c h lo r o -  
p y r i d i n e  r e s u l t e d  w i thou t  the  a d d i t io n  of p o r t i o n s  of 1:1 h y d r o c h l o r i c  a c id  
and  the  a d d i t i o n a l  d i s t i l l a t i o n s  ( p r o c e d u r e  on page  25).  It i s  not a p p a r e n t  
how the  v e r y  s m a l l  a m o u n t  of  g a s e o u s  c h l o r i n e  w h ich  p a s s e d  o v e r  with  
the  d i s t i l l a t e  cou ld  h ave  s u b s t i t u t e d  f o r  d i s t i l l a t i o n  with  s e v e r a l  p o r t i o n s  
of  1:1 h y d r o c h l o r i c  a c id  in im p r o v i n g  r e c o v e r y  (as  c o n t r a s t e d  w i th  
i m p r o v i n g  c o n v e r s i o n ) .
B o th  c u p r i c  and  c u p r o u s  s a l t s  r e a d i l y  f o r m  c o m p l e x  c o m p o u n d s  
w i th  a m m o n i a  an d  w i th  a m i n e s  in g e n e r a l .  In the  r e a c t i o n  f l a s k  t h e r e  
w e r e  p r e s e n t  a t  l e a s t  two a m i n e s ,  p y r id i n e  and  2 - c h l o r o p y r i d i n e  and., 
a t  l e a s t  in the  a b s e n c e  of c h l o r i n e ,  c o p p e r  ions  in bo th  s t a t e s  of o x i ­
d a t io n .  P r e s u m a b l y  a t  l e a s t  s o m e  u n d e r s t a n d i n g  of the  s u b s t a n c e s  
p r e s e n t  in  th i s  s y s t e m  would  be r e q u i r e d  b e f o r e  an  o v e r - a l l  eq u a t io n  
co u ld  be  w r i t t e n  w i th  a s s u r a n c e  and  c e r t a i n l y  b e f o r e  s e r i o u s l y  p r o p o s i n g  
a  m e c h a n i s m  f o r  the  r e a c t i o n  o r  r e a c t i o n s .  Such a n  i n v e s t i g a t i o n  would.
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be long a n d  in v o lv e d  an d  s e e m s  beyond, the  r e a s o n a b l e  sco p e  of t h i s  
T h e s i s .
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